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Y. Introduction

Tho discharpge of sevoral materials to tho atmosphore can crocto publie
health probloms. Consequently, the further devolopment of satisfactory low
oost air cloaning devices may play & part in health protection by oncouraging
the uso ané installation of air cleaning facilitios. The use of cotton fibers
as filtor media has prospocts for eoonomi because cotton h&s a relativoly low
initial cost, has low ash (less than 9.1% (1)) for gdonomicai disposal and is
readily availebloe. ,

During the past yoar, studies have beop conducted at tho Harvard University
Alr Cloaning Laboratory on the filtration characteristics of various ootton
fivors for atmospheric dusts. Four natural fibers and'two ion exchange coatings
wero invostigated.

In conjunction with the basio cotton work a parallel study was conducted
on the correlation of waiiht, stoin, and count effiociencies for etmosphoric
dust; If an empiriéal relntionship cun be develdped using atmospheric loadings,
considorable timo can bo saved in obteining an indox of count and volght effi-
ciencies from a simple stain technique,

In an ettompt to roduce tho weight efficioncy variation cauzod by a fow

lurge particlos o profilter wac used. This introduced a third phase of tho
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atudy which ‘had as its goal tho ovaluation of tho profiltor as a moans of obtain-

"ing a rolativoly consistont aorouol for filtor rating.

II. Equi pawont
Figuro 1 is a schematic diagruﬁ of tho test sotup. Tho profiltor had a

faco aroa of 0,143 squaro foet and consisted of 10 layora of Kotox mist
oliminator scroeon coatod with SAE 30 motor oil.

The ngppod cloth was used to interlace ﬁith the tost modiwm to ninimize
odgo leankago. | |

Fibor Description s

A oqfton fibor has boen described as an epidorm@l cell of the sesod, It
consists of an outer wall, secondary wnllhand a lumen, With growth, the
socondary wall thicknoss increases until the lumon is neafly closed, With the
drying thst occurs affer pioking, thoe lumen collapses and for mature [{ibers a
kidney or olliptical shap; ié attained. In immaturo fibors,the secondary wali
is tﬁin snd upon collapse of the lumen the fibér atfains a twisted ribbon or
U-shape. Matthews (2) indicotes that wall thickness may vary from 0.35 to 15
&nd ribdbon wldths from 11 to 20 u. o :

The fibors tested in this sor;es were sized by Roasaeno (3). The mean
diamotors prescntod in Table I are the geomsirioc means of single transverse
moasuremonts of over 200 fibers for each grade.

The Lockett seomplo containod about 93ﬁ mature flborb and the Lemphls
immature about 38%4 mature fibers, -

Tho ion oxchango troatmentis whioh were tested had been applicd to § x P
fibors by the U. S. Dopurtment of Lgriculture. The rosin treatmont was

imprognation by Rosiloom HP, an unmethylatod mothylolmolamine resin which has

found use in ion exchango columns., The amlnizod cotton haed beon treoted with
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2-aminocthylsulfuric svid and sodium hydroxido., Aminizod cotton has anion
oxchhngc proporties and tho treatmont facilitates the uso of acid dyes,

Test Proccdure

A. Bod Preparation
The fibers testod had ﬁcon fu;nishod by tho U, S. Dopartment of

Agricultu;e, Burenu of Agriocultural and Industrial Chemistiry, New Orleans,
Louisinﬁa. They were recoived as card slivers and difficulty was experienced
in obicining reproducability. The fibers wero carded Again and £aken off as
card wob which was folded into boxes for storago. Compaction in storage made
most of the individual layers of the web indistinguishable. The layors were
soparated by hand as woll s possible and cut into six inch squares. The
welght necossary to give a packing density of 2 1bs. per cubic foot (porosity
0.98) was computed (cotton spocific grnvity 1.59). Depending upon the typo of
fiber ond the dogree of compaction, five to ten layors wore roguired per inch

of finel pad. These layors woré loosely placed in the plastic box and compressed
to tho desirod bed depth by insertion of the inside section, With this technique
packing densities cpuld be satlsfactorily reproduced. |
"Be Operatgon of Test Apparatus .
The combined opcration of the upstreem and dovnstream high volums

samplers 3rought room alr into the plenuwa through the prefilter at 50 cfm
{face volocity of 350 fpm). éne-half.of this flow went to tho upstream high
voluﬁo sampler and fhe othor half wont throug# the test soction to the downstream
high volume sampler.

Stairmend discs were used as orific; moters to detormino the rOSpoﬁtivo

flow rates, The 25 cfm rato through tho test section gave a faceo velocity at

the tost pad of 100 fpm. Conlinuous oporation of from 48 to 80 hours on Boston
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air was roquired to.éroduco significant ipcreasy 1. tho weight of the downstroam
sampling filters,
c. Sumpling
Sumplés wore taken at threo points; -1. Room air (upstream of
profilter), 2. Uéstronm (downstream of prefilter, ubstreum of cotton pu&), 3.
wanstroam (dovmstroam 6f ootton'pad).
Jielght loading was determined at those three points by detefmining tho net
woipght incroase of type S ploated filters. The room air sample was collocted at

fuvll flow of the high volume samplor which varied from 70 c¢fm to 40 ¢fm, Both

.upstream end downsiream samples wore tagén at 25 cfm with the entire volume
féassing ;hrough the test pad collected for the downstream sample.

After from 10 to 20 hours of oporation, and again 24 to 48 hours later,
mewvbrance filter samples wore takoen at 0.7 cfm f;r count loading and stain
efficioncy determinations. The.room air membrane filter sample was taken near
the profilter and the upstrean and downstreem samples were téken through probes
in the #est soctioh. These samples wgre taken for 45 to 120 minutes, depending
on the rate of stain buildup. At intervals of 15 to 20 minutes the stain
donsity of each membrane filter was detefmined by use ‘of a Photovolt, Model 2004
trensmission donsitometer,

A blenk for zeroing the densitometer on each membrane filter was obteined
by backing each filter with Vhatman #1 peper to wh;ch & 5/%" circle of cellophene
tape was attached. With this backing, the stain was deposited in an annular
pattorn and the conior portion of the filter remained cioan. ‘

D. Analfsis
Tho stuin readings wore plotted ageinct timo for each filter and

the timo to roach a constant stoin vas dotormincd from each curve. Tho stain

efficioncios wore thon determinoed from the relationship
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‘ ' % Efficioncy =i --t1 | -
[ ) * Tt°2' 100

Tho mombrane filter stains wore thon counted and sized microscopicelly
under o0il immorsion (90X objective and 25X oyepiece) to detormine the count
loading and size distribution at each sampling point. Total efficiency, by

count, and sizo fraction efficiencies wore dotermined from those loadings,

Tost Rosults

Analysis of the data has not been completed, but a summary of woight, stain
and count efficiencies is presented in Table I for the various fibers tested,

’

These efficioncies are tabulated in order of decreasing weight efficioency.

The proésura drops listed in Table I are the final drops observed in the
rospective tests. These values represent no apprecieble increase over the
drop in the clean beds for the shorter operating periods (48 to 60 hours),

For resin treated S X P and Memphis Immature beds there wore 7 end 11 percent

-

TABLE I

fficiencies of 2" Pads. of Various Cotton Fibers on Atmospheric Dust
’ 'Packing Density 2{/ft3 .
Face Velocity 100 fpm .
Cotton ¥ean Fiber Weight Stein Count Pressure Loss
Diameter Efficioncy Efficiency  Efficiency
48 % % _ % Inches of Tiater

Momphis 10.0 82.5 78,8  63.5 - ‘5,8
Immaturo _
lminized 10,0 80,5 ' ' 57T - . 3.0
Sx?P ‘
Untreated 9.4 77 , o T2,.7 58.5 4 4.0
Sx P
Resin Trectod 10.3 74,8 T2.5 . 61 - 3.6
Sx P :
Lockott 140 13.4 71.3 46 39 2.

Tguitoy 15.5 67 46 1.6

— PUREES
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To dato, tho. only v.riablos studioed huve.boon type of fibor and bod dopth,
Furthor studies are plannod tb tost tho fibor at difforont packing donsltios
end faco volocities. It is plannod to delay furthoer cotton studies until tho
prosent data on relationships of woight;stain and count-stain efficiencles aro
.ﬁoro complotely analyzed and the value of tho profilter is eostoblishod. Using
the present techniques, mbout b Aays are roquirod for each run in order to colloct
woighablo samples and oount und size the 6 molecular filters, Froﬁ a-proliminary
inspection of the woight-steain relationship it apbears that empirionl rolation;
ships might be derived which will roduco the time from daja to ﬁours for each run.

JT theso relationships do not provoe relisble, a synthetic test aerosol will
be genorafed end thé cotton tests continuod. Future studies will ovaluate the

effeots of various packing densities and varlous face velooitios,

Prefiltration

Partial analysis of the data indicatos tha; the prefilter causes little
changé in aorosQI composition, The avorage size fraction efficiencios of tho
profilter wore determined from the data of 28 runs, The average cloud com-
éosition for room alr was dotorminod from the same data, This average
ocmposition vias piottcd on logarithmio preobability papo;‘and, using the aversge
gizo fraction efficienciés, s second cloud was synthoesized which reprosontcd a
¢loud loaving a profilter of average pérformance. The lins representing this
zeoond cloud on logarithmio prébability papcr'was almost suporimposed on tho
initisl line. This approach clearly shoﬁs that prosent slzing techmliquos are
insensitive to any changes mado in the morocol composigion by this type of
profiltor,

It 1z folt that tho major bonofit to be dcriyod from the proefiltor ls in
tho romoval of large perticloes which'muy dissort any oupirically detormined

relationship bolwoon stain and wolpht efficlonclos,
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